Rationale: Bacterial pneumonia is a major cause of morbidity for HIVinfected persons and contributes to excess mortality in this population. Objectives: To evaluate the frequency and risk factors for occurrence of bacterial pneumonia in the present era of potent antiretroviral therapy. Methods: We evaluated data from a randomized trial of episodic antiretroviral therapy. The study, Strategies for Management of Antiretroviral Therapy, enrolled 5,472 participants at 318 sites in 33 countries. Study patients had more than 350 CD4 cells at baseline. Diagnosis of bacterial pneumonia was confirmed by a blinded clinical-events committee. Measurements and Main Results: During a mean follow-up of 16 months, 116 participants (2.2%) developed at least one episode of bacterial pneumonia. Patients randomized to receive episodic antiretroviral therapy were significantly more likely to develop pneumonia than patients randomized to receive continuous antiretroviral therapy (hazard ratio, 1.55; 95% confidence interval, 1.07-2.25; P 5 0.02). Cigarette smoking was a major risk factor: Current-smokers had more than an 80% higher risk of pneumonia compared with never-smokers (hazard ratio, 1.82; 95% confidence interval, 1.09-3.04; P 5 0.02). Participants who were on continuous HIV treatment and were current smokers were three times more likely to develop bacterial pneumonia than nonsmokers. Current smoking status was significant, but a past history of smoking was not. Conclusions: Bacterial pneumonia is a major source of morbidity, even for persons on potent antiretroviral therapy, including those with high CD4 cells. Efforts to reduce this illness should stress the importance of uninterrupted antiretroviral therapy and attainment and/or maintenance of nonsmoking status. Clinical trial registered with www.clinicaltrials.gov (NCT 00027352).
Bacterial pneumonia is well known to occur at excess rates in persons with HIV infection (1) (2) (3) (4) (5) . Since the early years of the HIV epidemic, high rates of bacterial infections were reported in patients with AIDS and HIV infection (1-3, 6, 7) . These bacterial infections were typically bacteremia, skin and soft tissue infections, sinusitis, and, most commonly, bacterial pneumonia.
The increased morbidity and mortality associated with bacterial pneumonia in HIV-infected persons was recognized by the Centers for Disease Control in 1993, when it categorized two or more episodes of bacterial pneumonia within 1 year as an AIDSdefining event (8) . Even a single episode of bacterial pneumonia is associated with substantial morbidity and mortality (2) (3) (4) (5) (6) 9) .
The risk of development of bacterial pneumonia in HIVinfected persons has not been assessed in large, widely applicable groups since the early 1990s, which was before the availability of effective combination antiretroviral therapy. Multiple studies have demonstrated a clear correlation of an increased rate of pneumonia with decreasing CD4 cell counts (4, 5, 10) . Cigarette smoking and the use of injection drugs have also have been reported for HIV-infected persons as factors associated with an increased risk of developing of bacterial pneumonia (4, 7, 10, 11) .
Given the substantial impact of bacterial pneumonia on the health of HIV-infected persons, it is important to understand the epidemiology of this infection in the current era of potent antiretroviral therapy. Furthermore, knowledge of modifiable risk factors for bacterial pneumonia allows providers and patients to reduce morbidity from this illness.
We used data from a recently concluded study, Strategies for Management of Antiretroviral Therapy (SMART) (12) , to evaluate the impact of continuous antiretroviral therapy on the incidence of bacterial pneumonia and to identify risk factors for the occurrence of this infection. Preliminary data from this study were previously reported as an abstract (13) .
AT A GLANCE COMMENTARY Scientific Knowledge on the Subject
Although bacterial pneumonia is known to be a major cause of morbidity and mortality in HIV-infected persons, no large studies have evaluated this problem in the current era of potent antiretroviral therapy.
What This Study Adds to the Field
This multinational study demonstrates that bacterial pneumonia remains a substantial problem, even in patients with high CD4 1 cell counts on HIV therapy. Cigarette smoking was found to be the single greatest risk factor for the development of pneumonia.
METHODS
A detailed description of the methods and the main results of the SMART study have been published elsewhere (12) .
Study Population
Eligibility criteria included a CD4 count greater than 350 CD4 cells/mm 3 , age greater than 13 years, and a willingness to start or stop antiretroviral treatment according to the protocol. Participants could be on or off antiretroviral therapy at the time of study entry. Participants were randomized equally to one of two groups: the viral suppression (VS) group, who were assigned to stay on continuous potent antiretroviral therapy throughout the study, with a goal of full viral suppression, or the drug conservation (DC) group, who were to stop their antiretroviral therapy, if any, at study entry and remain off therapy until their CD4 cell count was less than 250 cells/mm 3 and then to (re)start and continue potent antiretroviral therapy until their CD4 cells were confirmed to be greater than 350 cells/mm 3 . Participants in the DC group repeated this cycle of CD4 cell count-guided treatment and interruption throughout the trial.
This study was approved at all local institutional review boards and ethics committees, and all patients gave informed consent.
Data Collection and Follow-up
Before randomization, participants received a targeted physical examination and had their medical history taken. Baseline data included history of smoking (current, past, or never) and injection-drug use. Participants were asked at baseline about their history of prior AIDSdefining events, including history of prior/recurrent bacterial pneumonia. No information was collected about immunizations or about the routine use of antibiotics, including co-trimoxazole. Follow-up study visits were scheduled at 1 and 2 months after randomization, then every 2 months for the first year, and then every 4 months for the remainder of the study.
During the study, a standardized case report form was used to collect information on patients with suspected bacterial pneumonia. Patients were evaluated for pneumonia using local clinical standards and guidelines. A central clinical events committee, blinded to study arm, evaluated each report and classified participants into one of three categories: (1) ''confirmed'' (compatible clinical and radiographic evidence with histologic or microbiologic support); (2) ''probable'' (signs and symptoms of pneumonia with compatible radiographic abnormalities); or (3) ''suspected'' (signs or symptoms of pneumonia with no supporting radiographic evidence). Participants were categorized as having recurrent bacterial pneumonia (an AIDS-defining event) if, during a 12-month period, they had two or more episodes of probable or confirmed pneumonia with strong evidence that the first episode of pneumonia was resolved before the onset of the second episode. In this report, we include data on all patients with one or more episode of bacterial pneumonia that was classified by the clinical endpoint committee as ''confirmed'' or ''probable.''
Statistical Methods
Analyses were by intention to treat. Kaplan-Meier survival curves and Cox proportional hazards models were used to compare the DC and VS treatment groups with respect to event rates for first bacterial pneumonia event. Follow-up data were censored on January 11, 2006 , at the termination of the randomized portion of the trial, or when participants were lost to follow-up before that date. Baseline predictors for first occurrence of bacterial pneumonia were identified and tested using Cox proportional hazard models after adjustment for treatment group. Cox proportional hazard models were used to assess the effects of CD41 counts and HIV RNA levels as time-dependent covariates during followup on the hazard ratio (HR) for first occurrence of bacterial pneumonia.
Person-years at specific CD4 1 counts and HIV-RNA levels were calculated according to the latest measured value. Poisson regression was used to estimate relative risks for the rates of the outcomes in the DC versus VS treatment groups in strata according to latest CD4 1 counts and HIV-RNA levels.
All reported P values are two-sided. Statistical analyses were performed using SAS (version 9.1; SAS Institute, Cary, NC).
RESULTS
Between January 8, 2002, and January 11, 2006, a total of 5,472 participants were randomized in SMART from a total of 318 sites in 33 countries. Selected baseline characteristics of this patient population are shown in Table 1 . Participants in SMART had high baseline CD4 cell counts, with a median of 597 cells/mm 3 at baseline. Cigarette smoking was common, with 41% of persons identified as smokers at baseline and an additional 25% of participants reporting a history of prior smoking. Injection drug use was reported by 10% of participants as their likely mode of HIV acquisition. Prior AIDS-defining recurrent bacterial pneumonia was reported for 1.8% of participants.
During a mean follow-up period of 16 months, 116 participants developed at least one episode of bacterial pneumonia ( Table 2 and Figure 1 ). Overall, 98 (84%) of the bacterial pneumonia events were classified as ''probable,'' and 18 (16%) were classified as ''confirmed.'' An additional 29 persons had a ''suspected'' episode for which no radiologic confirmation was available. Participants randomized to receive CD4-guided treatment interruption (the DC group) were significantly more likely to develop bacterial pneumonia than patients on continuous antiretroviral therapy (the VS group), with an HR of 1.55 (95% confidence interval [CI], 1.07-2.25; P 5 0.02). Only eight participants in the DC group and three participants in the VS group had recurrent bacterial pneumonia, defined as a second episode within 1 year. The most recent CD4 cell count just before the pneumonia event was lower in the DC group (median, 411; interquartile range [IQR], 299-572), compared with the VS group (median, 547; IQR, 398-733; P 5 0.004). Most individuals with reported pneumonia had no organisms identified, but, of those with documented organisms, the most common were Streptococcus pneumoniae (10 cases) and Staphylococcus aureus (three cases, none of whom had a history of injection drug use). Two patients were infected with Haemophilus influenza and three patients were infected with other bacteria. No deaths were classified as being related to a pneumonia event. Table 3 shows the baseline predictors for the first occurrence of bacterial pneumonia for all participants in SMART. In the multivariable Cox regression analysis, factors that were significant predictors of bacterial pneumonia were having been randomized to the DC group; current cigarette smoking; and history of prior, recurrent bacterial pneumonia. In the univariate analysis, predictors were higher baseline HIV-RNA, past smoking, history of injection-drug use, and Black race. For participants in the VS group randomized to be on continuous therapy, significant baseline predictors for the first occurrence of bacterial pneumonia were current cigarette smoking, Black race, and baseline viral load (data not shown). Cigarette smoking was the strongest single predictor for the development of bacterial pneumonia in the VS group. In this arm, current smokers experienced a threefold increase in risk compared with persons who never smoked, with a HR of 3.01 (95% CI, 1.30-6.96; P 5 0.01). The HR for pastsmokers compared with never-smokers was 1.42 (95% CI, 0.52-3.88; P 5 0.49).
The relationship between most recent CD4 cell count and the risk of developing bacterial pneumonia is shown in Table 4 . Overall, the rate was highest in participants with fewer than 250 CD4 cell counts (3.3 events per 100 person-years of follow-up) and lowest in participants with 500 or more CD4 cell counts (1.4 events per 100 person-years of follow-up). The overall HR for bacterial pneumonia was 0.92 per 100 cells/mm 3 increase in proximal CD4 cell count (P 5 0.04). In comparing participants in the DC group with those in the VS group, there was a significant difference in the risk of developing bacterial pneumonia for those participants with 500 or more CD4 cells. In this group of patients with high CD4 cells, the development of bacterial pneumonia was over twice as great for persons on CD4-guided intermittent treatment as it was for persons assigned to continuous treatment (P 5 0.01). Figure 2 displays the unadjusted and adjusted HR for the development of bacterial pneumonia in the DC group compared with the VS group. Adjusting for latest CD4 cell count and for latest HIV-RNA level, each lowered the risk of developing bacterial pneumonia in the DC group. Adjusting for CD4 cell count and HIV-RNA level reduced the HR to 1.09 (P 5 0.70). The control of viral load had a significant impact on the development of bacterial pneumonia (Table 5 ). For persons in the VS group with most recent viral loads of less than 400 copies/mL, the risk of developing bacterial pneumonia was 0.9 per 100 person-years of follow-up, compared with a risk of 2.3 per 100 person-years for persons with a viral load of greater than 400 copies/mL for a HR of 2.65 (95% CI, 1.49-4.72; P 5 0.001).
Control of viral load did not affect the risk of developing bacterial pneumonia for persons in the DC group.
DISCUSSION
We have shown that, in the era of potent antiretroviral therapy, bacterial pneumonia continues to be a major cause of morbidity in HIV-infected patients. In the SMART study, bacterial pneu- monia was the single most frequent clinical event reportedoccurring in 116 persons, or 2.1% of the population-during the mean follow-up period of 16 months. Most participants had only a single episode of bacterial pneumonia, although 11 persons had at least two episodes within a year (i.e., an AIDS-defining event). This analysis has identified two factors strongly associated with an increased risk of bacterial pneumonia in HIV-infected patients: (1) the episodic use of antiretroviral therapy and (2) cigarette smoking.
The increased risk of bacterial pneumonia with a decrease in CD4 cell count, recognized in earlier cohort studies (4, 5, 10, 14) , was also evident in SMART. Participants in the DC group were significantly more likely to develop bacterial pneumonia due, in large part, to the lower average CD4 cell count in the DC group. The mean CD4 cell count before a bacterial pneumonia event was 460 cells/mm 3 in the DC group (IQR, 299-572), compared with 611 cells/mm 3 in the VS group (IQR, 398-733) (P 5 0.004). There was a clear trend toward higher rates of bacterial pneumonia as the CD4 cell counts declined (Table 4) . For example, for all people in the study, the risk of bacterial pneumonia was 3.3 per 100 person-years for those with fewer than 250 CD4 cells, compared with a risk of 1.4 per 100 person-years for those with 500 or more CD4 cells. We demonstrated that this association holds for participants receiving continuous potent antiretroviral therapy: For participants in the VS group, the risk of bacterial pneumonia was 2.8 per 100 person-years for those with fewer than 250 CD4 cells compared with a rate of 1.0 per 100 person-years for those with 500 or more CD4 cells.
An additional important finding is the demonstration that antiretroviral therapy reduces the risk of bacterial pneumonia, even for persons with CD4 cell counts that are usually considered high (>500). In SMART, participants with recent CD4 cell counts of 500 or more in the DC group (predominantly off antiretroviral therapy) had over twice the risk of developing bacterial pneumonia-a rate of 2.1 per 100 person-years-compared with participants in the VS group (predominantly on therapy) with a risk of 1.0 per 100 person-years (P 5 0.01). Thus, even for individuals with CD4 cell counts above the range where HIV treatment is usually initiated, the use of antiretroviral therapy lessened the chance of developing bacterial pneumonia. The impact of antiretroviral therapy seemed to occur, in part, due to a reduction in viral load. For persons in the VS group with 500 or more CD4 cells, the risk of bacterial pneumonia was over twice as high for individuals with a viral RNA of greater than 400 copies/ml as it was for those with fewer than 400 copies/ml (Table  5) . Adjusting for latest HIV-RNA level decreases the HR (DC/ VS) more than adjusting by latest CD4 cell count (Figure 2) . The mechanism by which reduction of viral load reduces the risk of bacterial pneumonia is unknown; however, recent data have shown that in the SMART study, patients with uncontrolled viral replication had higher levels of inflammatory markers, including IL-6 and D-dimer, and that this was associated with an increased risk of death (15) . It is possible that increased inflammation in patients with HIV-viral replication may be associated with a higher rate of pneumonia, although there is no direct evidence to support this hypothesis.
In the general population, cigarette smoking has been related to increased rates of infection (16) . Increased rates of bacterial infections (including pneumococcal pneumonia and Legionnaires' disease) and of viral infections (including influenza) have been reported in smokers compared with nonsmokers. In the HIV-infected population, cigarette smoking has been demonstrated by several studies to be an added risk factor for the development of bacterial pneumonia and for increased mortality (4, 10, 11, 17, 18) .
Cigarette smoking was also found to be a major risk factor for the development of bacterial pneumonia among SMART participants. In the overall univariate analysis, current smokers were found to have more than double the risk of pneumonia compared with never-smokers, with an HR of 2.19 (95% CI, 1.34-3.60; P 5 0.002); after adjusting for other baseline variables, the risk of bacterial pneumonia remained approximately 80% higher for current smokers, with an HR of 1.82 (95% CI, 1.09-3.04; P 5 0.02). Current smoking was the strongest single predictor (other than a prior history of bacterial pneumonia) of the HIV-infected patient developing bacterial pneumonia.
Cigarette smoking remains a major risk factor even in people with relatively high CD4 cell counts. In the 1995 report on bacterial pneumonia from the Pulmonary Complications of HIV Infection Study Group, smoking was an independent risk factor for bacterial pneumonia only in persons with 200 or fewer CD4 cells but not in persons with higher numbers of CD4 cells (4). In the Terry Beirn Community Programs for Clinical Research on AIDS 1996 report on the impact of cigarette smoking, bacterial pneumonia was 57% more likely to occur in current smokers; the baseline CD4 cell count for that cohort, however, was less than 300 (11) . In SMART, the baseline CD4 cell count was 597, and the majority of bacterial pneumonia events occurred in people with a proximal CD4 cell count of 350 or higher (83 of 116 events); thus, the finding of this study that cigarette smoking is a major risk factor for the development of bacterial pneumonia is of importance to the many HIV-infected persons who have CD4 cell counts of 350 or higher.
The design of the SMART study also makes possible an analysis of the impact of smoking on patients taking potent antiretroviral treatment. The data show that the relative negative impact of smoking was greatest in this group of patients who are receiving standard therapy. Current smokers in the VS group were three times more likely to develop bacterial pneumonia than nonsmokers. Cessation of smoking was shown to be of value; former smokers in the VS group had a risk of bacterial pneumonia that was not significantly different from never-smokers. In this trial, most bacterial pneumonia events were classified as ''probable,'' based on radiologic changes with compatible signs and symptoms. Similar diagnostic criteria have been used in other reports of bacterial pneumonia in HIV-infected persons (4, 5, 10, 11, 19) . Most reports of bacterial pneumonia in HIV-infected individuals have emphasized the importance of S. pneumoniae, S. aureus, and Haemophilus influenzae as etiologic agents (2, 4, 5, 7, 9, 17, 19, 20) . In most case series of pneumonia, however, an etiologic agent could not be identified. For example, in the Pulmonary Complications of HIV Study, 148 of 237 episodes of bacterial pneumonia had no organism identified (4) . Some recent reports have noted a decreased incidence of invasive disease due to S. pneumonia in HIV-infected persons (21) (22) (23) (24) , perhaps due to improved efficacy of pneumococcal vaccine in the general population and perhaps in HIV-infected persons (25) (26) (27) (28) (29) . We did not have information on the use of pneumococcal vaccination in the participants in SMART, but S. pneumoniae remained the most commonly documented cause of bacterial pneumonia in this study, with 10 patients diagnosed with disease due to S. pneumoniae. Only two other pathogens were identified as the cause of pneumonia in more than one person: S. aureus in three patients and H. influenza in two patients. Thus, the use of pneumococcal vaccine should be emphasized as part of standard care for HIVinfected patients because S. pneumoniae remains the leading identified cause of bacterial pneumonia in this population.
The SMART study provides a unique dataset for evaluation of the incidence and risk factors for bacterial pneumonia in a large, randomized, clinical trial of HIV-infected persons. The demographic and geographic diversity of the population makes the findings reported here widely applicable, including in resourcelimited settings, where bacterial pneumonia is common (28) . The data show that bacterial pneumonia remains a major source of morbidity, even for persons on potent antiretroviral therapy, including those with high CD4 cells. On the basis of the findings in this report, providers and patients have two ways to reduce the occurrence of this illness. First, for people on antiretroviral therapy, it is important to remain on effective treatment on a continuous basis: SMART participants who cycled on and off antiretroviral therapy were 56% more likely to develop bacterial pneumonia. Remaining on continuous antiretroviral therapy is important even for patients with CD4 cell counts of 500 or higher because those persons who were cycling on and off treatment were twice as likely as persons on continuous antiretroviral therapy to develop bacterial pneumonia. Second, for HIV-infected individuals who smoke cigarettes, smoking cessation should be a major health goal: SMART participants on continuous antiretroviral therapy who continued to smoke were three times more likely to develop bacterial pneumonia than those who never smoked, and former smokers had no increased risk compared with neversmokers. Finally, these data suggest that, in terms of avoiding the serious morbidity of bacterial pneumonia, there may be benefit in initiating antiretroviral therapy earlier in HIV-infected persons because there was a gradient of increased risk for bacterial pneumonia even at high CD4 1 cell counts.
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